ABSTRACT. In the paper the method for constructing programmed motion is repre- 
§1. Introduction
In the theory of controlled motion, there exist some requirements, that restrict the motion of the system under consideration.
In other words, the process occurring in this system must satisfy some pre~ set requirements. The conditions, that a process with specified properties the system must realize, are called the programmed and the motion of the system corresponding to this process is named the programmed motion.
The problem of programmed motion has been investigated by many authors [2, 8, 9 . .. ].
gramme is violated.
In this work a method, that allows to overcome these difficulties, is represented. §2. Con,struction of a programmed motion given in Lagrangian coordinates Let where A is a quadratic symmetric and inversible matrix of order n. The elements of this matrix depend on generalized coordinates, but q -the ( n X 1) matrix of generalized velocities. The letter T located on the right corner designated a transposed matrix.
In brief, a mechanical system with the kinetic energy T and the generalized forces matrix Q is called the nature system. As known [3] , the motion of a nature system is described by equations
where G is an (n x 1) matrix, the elements of which are only drawn from the matrix of inertia.
The problem of constructing the programmed motion is stated as follows:
Design a mechanical system in such a way so that the programmed motion of the form
is one of the possible motions of this system. In other words, the trajectories of the designed system must locate on the manifold (2.3). We assume that the equations (2.3) are compatible and independent in a certain given domain !1 of the phase space for all t 2 to.
It is clear, that the subject of the present consideration associated with the problem of synthesis of a system performing a prescribed motion.
The programme is called to be complete when 8 = n and uncomplete when s < n.
First, we shall consider the case of performing the programmed motion {2.3}
with the help ofadditional--controlling feTees, Sueha system is named a open one.
Equations of motion of the system realizing the programme {2.3) can be written as follows:
where u is the (n x 1) matrix of the controlling forces required.
Of course, the motion of the nature system (2.2} are not in general, identical with the programme {2.3). The problem is stated now as follows:
Find the controlling forces u so that the system {2.4} realizes the programmed motion (2.3).
Here we shall confine overselves to a consideration of the case of incomplete programme, i.e., 8 < n. In the case there is no restrictions putting on the controlling forces it is possible to treat {2.3} as the equations of ideal constraints in analytical mechanics, but the controlling forces -the reaction forces of these constraints. This is quite agreable with the postulate of constraints in analytical mechanics: "It is possible to regard a constrained system as a free one (a freed system) if the constraints should be substituted by their reaction forces". For raison of compatibility, the initial conditions must satisfy the programme, i.e.
g,e(to, q(to), q)(to)) = 0.
(2.5)
We also assume that all functions that are encountered in this work are continuous together with their derivatives in the considered domain !1, where the rank of Jacobi JT'_::.trix 11~~11 (2.6) is equal to 8 for all t 2 t 0 and q, q 3 !1. In addition we suppose that algebraic equations are compatible and differential equations satisfy conditions of existence and uniqueness of solution.
Because the programme {2.3) is treated as a set of ideal constraints and u is the reaction forces matrix we have then [3, 6, 7] Du=O (2.7) where D is an {n-s) X n matrix the elements of this matrix are coefficients in the expression of accelerations written in terms of independent accelerations. From (2.4) and (2.7) we draw:
where the matrices D* and Q' are of the form
(2.10)
The matrix D' has (n-s) X n dimension, but Q' -the (n x 1) dimension.
In such a way we obtain n equations (2.8) and (2.3), which describe the motion of the designed system.
It is noticed that equations (2.8) and (2.3) are of a set of algebraic-differential equations. Let
be the solution of the equations (2.8) (2.3) with the initial conditions, which satisfy (2.5)
The controlling forces then are calculated by (2.4) , that are
-Q(t,q(t),q(t))-G(t,q(t),q(t)). (2.12)
By of acting of these additional forces the system will realize the programme (2.3).
Differing from the method represented in [4, 5] in the above given algorithm it is unnecessary to calculate the inverse of the matrix of inertia. This reduces calculating errors of realizing the programmed motion.
It is important that the equations of required programme are directly included in a closed set of equations described the motion of the system under consideration. Therefore, the errors of the required programme just are ones of computed algorithm. This allows to control the deviation of the programme in the process of realizing it.
Example 2.1. Let us consider the motion of a particle of mass m in Newtonian field of attraction force [2, 5] .
Determine the controlling forces so that the module of the velocity vector of the particle is constant. Let us choose the generalized coordinates to be spherical coordinates {), cp, r.
The In accordance with the formulas (2.9) and (2.10) the (2 X 3) matrix D* and the (2 x 1) matrix Q* take the forms respectively In [2] this problem has been investigated by means of the Lagrange's equations with multipliers. It is easy to see that by eliminating multipliers we will obtain the above established equations.
Let the solution of these equations with the given conditions be of the form
and substituting them into (2.12) we get the required controlling forces, that are ue = ue(t, C), u'P = u'P(t, C), ur = ur(t, C).
The programmed motion (2.18) can be realized, of course, by one controlling parameter C.
§3. Construction of a programmed motion given in quasi coordinates
First, it is noticed that the Appell's equations written in the Lagrange's coordinates take the same form as (2.2). In other words, the Gauss' function is written as follows: [5] where the now written terms don't contain accelerations, but A and G have the same meaning as in (2.2 where w is an (n X 1) matrix, but C -a inversible quadratic matrix of order n.
Equations of motion of the nature system (2.2) in quasi coordinates take the form A ow= Go+ Qo ~AC*w where c· is the inverse of c, but Ao =AC* ·Go= G(q,q(w)), Qo = Q(t,q,q(w)).
Suppose that the programme, that must be realized, is of the form gp(t, q,w) == 0, (3 = 1, s. Let us consider the case of open controlled systems. As above, it can act additional controlling forces on the system so that under action of these forces the system will realize the programmed motion (3.7).
Equations of motion of the system are written in the form then A ow= Go+ Qo-AC*w+u(q,w,t) (3.8) where u is the ( n X 1) matrix of controlling forces.
In the case there is no any restrictions putting on the controlling forces it is possible to treat the programme (3. 7) as ideal constraints in analytical mechanics.
The condition of ideality of the constraints (3. 7) take the following form Dou=O (3.9) where Do is the ( n -s) X n matrix, which is constructed in the same way of the matrix D in (2.7).
In accordance with (3.8) and (3.9) we obtain D*w=O (3.10) where D* is the (n-s) X n matrix, which has the form D* = DoAo (3.11) but 0 is the (n x 1) matrix, which is of the form 0 =Do Go+ Do Qo-DoAC*O. (3.12)
Equations (3.10) and (3. 7) describe the motion of the system under consideration.
Let q(t), w(t) and w(t) is the solution of these equations with the given initial conditions. The controlling forces required are calculated by the formula u(t) = Ao( q(t),w(t))w(t)-Go( q(t),w(t)) -Qo(t,q(t),w(t))-c*( q(t))w(t). Under action of these forces the system under consideration will realize the programmed motion (3.7).
Note -In the case when the equations of motion of the nature system are written in quasi coordinates, for example, in the Appell's equations by means of quasi coordinates it can directly apply these equations.
Example 3.1. Find the controlling forces imposed on a body in order that the motion is of generalized pression of the vector w.
As known (see, for example [3, 4, 5] , the condition of generalized pression of the vector w is equivalent to the programmed constraint of the form. where the nonwritten terms don't contain p, q, f, but A, B, C are the moments of inertia of the body about the principal axes of inertia.
Equations of motion of the nature system can be written as follows [1, 2] Ap + (C-B) As above, equations of motion of the system, realizing the programme (3.14) can be written in the form: where: up, uq, Ur are the controlling forces in order that under action of which the system realizes the programme (3.14). From (3.19) we calculate the controlling forces for realizing the programme (3.14), that are:
up(t) = Ap(t) + (C-B)q(t)r(t)-Qp(t), uq(t) = Bq(t) +(A-C)r(t)p(t) -Qq(t), u.(t) = Cr(t) + (B-A)p(t)q(t) -Q'P(t).

